Eleven patients had right heart catheterization an average of 13 mo after total correction of tetralogy of Fallot, and the procedures were then repeated an average of 7 years postoperatively. In the intervening time there was generally no important change in the pressure gradient between the right ventricle and pulmonary artery or in right ventricular systolic pressure. Mean right atrial pressure tended to fall with time. Arteriovenous oxygen difference at rest was lower at the second study, and the resting cardiac output was generally normal. One patient with a persistent ventricular septal defect had progressive hemodynamic deterioration between the two studies. Exercise performance up to 10 years postoperatively was also assessed. The relationship between oxygen consumption and cardiac output was usually normal, but exercise magnified the right heart's filling pressure abnormalities. In the absence of an easily demonstrable ventricular septal defect, right heart hemodynamics were either stable or improved up to 10 years postoperatively. 
is pulmonic valve regurgitation, especially likely to be of significant degree when a prosthetic or pericardial patch is employed to enlarge the right ventricular outflow tract or hypoplastic pulmonary artery. Because of this complication and its unknown long-term effects, the trend in recent years has been to avoid the use of an outflow patch whenever possible and to avoid cutting the pulmonic valve annulus.15, 16 A second problem is residual obstruction of the right ventricular outflow tract which is usually mild in the early years after correction but is the cause of a modest systolic pressure gradient between the ventricle and pulmonary artery. A third concern is the permanence of repair of the large ventricular septal defect seen in tetralogy. Finally, there is little information about three were more than 9 years from surgery. Their mean age was 183; years when studied.
Right heart catheterization was usually performed from an antecubital vein cutdown and a brachial artery was cannulated. Cardiac output was measured by the Fick principle using analysis of expired air by the Scholander technic, and measurement of oxygen content of blood samples with the Van Slyke apparatus. At the time of the second studies dye-dilution curves were performed by pulmonary arterial injection of indocyanine green, and systemic arterial sampling, through a cuvette densitometer. Appearance times of inhaled hydrogen were used to detect left-to-right shunts, using a platinum-tipped catheter in the right heart chambers.17 18 Exercise was performed in the supine position by pedalling an electrically braked bicycle ergometer. Three patients performed during a single work load whereas the other seven had measurements made at two different loads. fig. 1 ). The average value was 5.1 vol% initially, the upper limit of normal, and fell to 3.7 vol% at the second study. No one then had an abnormal value. At the first postoperative procedure six of the 10 patients had determinations of cardiac output. The average value was higher at the second catheterization in the six, but no definite trend of increase or decrease occurred. At the second catheterization, the cardiac index was normal (greater than 2.5 L/min/m2) in nine of the 10 patients.
Measurements of pulmonary vascular resistance were within normal limits.
Three patients had systemic arterial saturation below 94% initially. In one it was below this value at the second catheterization. Although unexplained, it is assumed to be ventilatory in origin.
At the second study, the presence of left-toright shunting was evaluated by three methods: oximetry of right heart blood samples, use of systemic arterial indocyanine greendilution curves, and the detecting of single breaths of inhaled hydrogen by a platinumtipped catheter in the right heart chambers and pulmonary artery. Hydrogen curves were recorded for nine of the 10 subjects. For the tenth, dye-dilution curves were normal. Four patients had early appearance of inhaled hydrogen in the right heart or pulmonary artery. In all four, sampling of blood for oxygen saturation during a single pass through the right heart failed to detect a significant step-up. A definite diagnosis of a small ventricular shunt was made in two of these patients. In the other two, hydrogen appeared early in the right atrium (appearance time 4 and 2 sec). The presence of an undiscovered atrial defect is an unlikely explanation, and two other possibilities remain. A small ventricular septal defect with tricuspid insufficiency could produce this finding but seems improbable on clinical grounds and in the presence of normal right atrial pressure. Early return of coronary circulation, however, could explain the short appearance time in these two subjects. In summary, two patients have shunting was present. The resulting systemic arterial saturation was 84%. He was reoperated upon and only a small remnant of Ivalon was present around the margin of the ventricular septal defect. This is the one patient of the 11 whose serial catheterizations documented a marked increase in right heart pressures over the years and the one of 11 index in these patients is shown in figure 2 .
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The slope of the lines is an expression of the Figure 2 exercise factor, namely milliliter increase in relationship between oxygen conusmption, corcardiac output per 100-ml increase in oxygen >d for body surface area, and cardiac index at consumption. The cardiac output response can also be appraised by judging individual values of cardiac index during exercise in relation to the actual oxygen consumption, rather than the change from rest to a level of exercise. This is shown in figure 3 in which are plotted normal results from several reports in the literature. Seventeen points obtained during exercise in the present study are also shown (seven patients with two levels of exercise and three with one level). Two points appear abnormally low.
Stroke volume rose with exercise in six of the 10 patients, was unchanged in one, and fell in three. Averages were 50.7 ml/beat/iM2 at rest and 53.6 with exercise, a statistically insignificant change. There was no correlation between the change in stroke volume and the exercise factor.
Pressures are shown in figure 4 . Right ventricular systolic pressure was measured in both states in nine of the patients and increased an average of 11 mm Hg with exercise, reaching 47 The results of the repeat catheterizations allow an optimistic outlook as to the assessment of the long-term course of the 10 patients without marked left-to-right shunting. In general, over the average span of 6 years between procedures, the right ventricular systolic pressure remained the same and the systolic pressure gradient between the ventricle and the pulmonary artery did not change appreciably. Similar results were reported recently in seven patients who were restudied 5 years after an earlier postoperative catheterization, showing stability of the hemodynamic findings.3' It appears that as patients grow, inadequacy of outflow tract dimensions will not be a problem. Most of our patients were of adult or near adult size at the time of the second procedure.
Evidence of pulmonic regurgitation remained obvious in many, however. It was not possible to measure the amount of regurgitant flow in our studies, but the influence of this valvular defect is reflected by the resulting right heart filling pressures and the cardiac output. The average right ventricular enddiastolic pressure was The cardiac output at rest was normal up to 10 years after surgery and comparison of the arteriovenous oxygen differences over the years shows a consistently improved state of oxygen delivery to the body.35 Although leftto-right shunting would raise the pulmonary arterial oxygen content, this is not believed to be a significant factor in the diminution of arteriovenous oxygen difference with time. With one exception, residual shunts were not detectable by step-ups in oxygen levels in the right heart chambers and most of the patients had no evidence of shunting at all.
The exercise results demonstrate cardiac output increments which were slightly subnormal in some patients, as evaluated by the exercise factor. This may be accounted for by the relatively high values at rest in this young population. When judged with the large number of such measurements taken from the literature, the actual cardiac output levels at a given oxygen consumption were usually comparable with normals. Our conclusion that the cardiac output response is usually normal is similar to that reached by Gotsman33 in a previous study of six patients after operation.
The pressure changes with exercise, however, magnified the abnormalities found at rest. Abnormalities of right ventricular function were shown by increases in right ventricular end-diastolic pressure with exercise to abnormal levels in several patients2" and may be largely the result of pulmonic regurgitation. The lack of appreciable increase in pressure gradient between the right ventricle and pulmonary artery with exercise is encouraging.
The fate of repair of ventricular septal defect is another consideration of importance. Two of our patients who had repeat catheterizations had definite evidence of small left-toright shunts. The more delicate means for detecting them were not employed at the time of the first catheterization and thus it is not certain whether they are of long-standing or recent development. Since they were not detectable by oximetry on either occasion, there is no sign of progressive enlargement. Similarly, there were no important changes in right heart pressures in these patients. The presence of a larger residual ventricular septal defect was evident early in one other patient's course, however, and culminated in severe heart failure. Although broad generalizations cannot be made from experience with this individual, it is clear that patients with an obvious left-to-right shunt after operation should be followed more closely than others. Conclusions
Our study, which was intended to help define the hemodynamic course after total correction of tetralogy of Fallot, shows that the course of the original lesion is grossly altered by operation, with a very favorable clinical outcome. During the first 10 years after correction of the lesion the residual abnonnalities of pulmonic valve function and right heart filling pressure were tolerated well and, if anything, right heart filling pressures decrease with time. Further evidence of accommodation to the new dynamics is shown by improvement in oxygen delivery to the body, as judged by the arteriovenous oxygen difference. The ultimate results of this procedure still remain to be defined, but the present study does demonstrate stability of hemodynamics during the first 10 years after correction and an acceptable response to the demands of moderate exercise. Exceptions to this evolution may be found in those with Cardiac output in normal resting man. J Appl Physiol 16: 278, 1961 Eulogy to Physicians For these friends of ours who have gone before, there is now no more toil; they start from their slumbers no more at the cry of pain; they sally forth no more into the storms; they ride no longer over the lonely roads that knew them so well; their wheels are rusting on their axles or rolling with other burdens; their watchful eyes are closed to all the sorrows they lived to soothe. Not one of these was famous in the great world; some were almost unknown beyond their own immediate circle. But they have left behind them that loving remembrance which is better than fame, and if their epitaphs are chiselled briefly in stone, they are written at full length on living tablets in a thousand homes to which they carried their ever-welcome aid and sympathy -OLIVER WENDELL HOLMES: Currents and Counter-Currents in Medical Science. Boston, Ticknow and Fields, 1861, p. 3.
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